Cytokinin-like activity in the roots and shoots of tomatoes following reciprocal grafts between normal and dwarf genotypes  by van Staden, J. et al.
276 S.-Afr. Tydskr. Plantk., 1987, 53(4): 276 - 278 
Cytokinin-like activity in the roots and shoots of tomatoes following reciprocal grafts 
between normal and dwarf genotypes 
J. van Staden*\ A. Carmi2, C. Forsyth1 and O.T. Krizek3 
1UN/CSIR Research Unit for Plant Growth and Development, Department of Botany, University of Natal, Pietermaritzburg, 
3200 Republic of South Africa, 21nstitute of Soils and Water, The Volcani Research Center, P.O. Box 6, Bet Dagan, Israel and 
3U.S. Department of Agriculture, Agricultural Research Service, Plant Stress Laboratory, Beltsville, Maryland 20705, U.S.A. 
Accepted 3 March 1987 
Grafting per se did not affect the growth pattern of a normal ('Red Rock') and dwarf ('Patio') cv. of tomato. It 
was found, however, that reciprocal grafts between the two genotypes had a marked effect on both root and 
shoot growth. The genotype of the scion had a significant effect on root growth, e.g., a 'Patio' scion reduced 
the growth of 'Red Rock' roots while a 'Red Rock' scion increased the growth of 'Patio' roots. Irrespective of 
the origin of the scion, plants with a root stock from the normal cv. 'Red Rock' yielded a higher cytokinin-like 
activity than those with a root stock from the dwarf cv. 'Patio'. The inhibition or stimulation of root and shoot 
growth, however, could not be correlated with cytokinin levels measured in the roots or shoots. Thus, it appears 
that cytokinin production in the tissues of the two cultivars is genetically determined. 
Enting per se het nie die groeipatroon van 'n normale ('Red Rock') en dwerg ('Patio') cv. van tamatie be"invloed 
nie. Daar is egter gevind dat wederkerige enting tussen die twee genotipes 'n definitiewe effek op beide wortel-
en stingelgroei gehad het. Die genotipe van die bo-stok het 'n betekenisvolle effek op wortelgroei gehad, bv. 'n 
'Patio' bo-stok het die groei van 'Red Rock' wortels verminder terwyl 'n 'Red Rock' bo-stok die groei van 'Patio' 
wortels gestimuleer het. Ongeag die oorsprong van die bo-stok, het plante met 'n wortelstok van die normale 
cv. 'Red Rock' 'n hoer sitokinien-agtige aktiwiteit gelewer as die met 'n wortelstok van die dwerg cv. 'Patio'. Die 
inhibering of stimulering van wortel- en stingelgroei kon egter nie gekorreleer word met die sitokinien-vlakke wat 
in die wortels of stingels gemeet is nie. Dit wil derhalwe voorkom asof sitokinien-produksie geneties vasgele is 
in die weefsels van die twee kultivars. 
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Introduction 
An understanding of the interrelationship between the root 
and shoot with respect to cytokinin biosynthesis and trans-
location is of fundamental importance for the precise control 
of plant growth. At present there is much evidence that 
shoot growth is partly regulated by root-produced cytokinins 
(Palmer et al. 1981; Van Staden & Carmi 1982; Carmi & Van 
Staden 1983). To what extent shoot growth may be regu-
lated by the shoots, or by an interaction of shoots and 
roots, is not known. On the one hand, it has been shown 
that cytokinin translocation from the root, measured as a 
function of the root exudate, was not affected for several days 
after de-topping the plants (Henson & Wareing 1976). On the 
other hand, a number of investigators has shown that exposing 
shoots to water stress (Itai & Vaadia 1971) or to changing 
photoperiods (Van Staden & Wareing 1972; Henson & 
Wareing 1977) rapidly reduced cytokinin production and 
transport from the roots. These latter results seem to indicate 
that the shoot can regulate cytokinin production by the roots. 
Work conducted on fruit trees (Gordon & Westwood 1984) 
and grapevines (Skene & Antcliff 1972), however, suggests 
that the rootstock controls cytokinin translocation to the 
shoot. 
The present investigation was conducted to determine the 
controlling influence of root genotype on cytokinin trans-
location to the shoot and on cytokinin production in the 
shoot. 
Materials and Methods 
Two cultivars of Lycopersicon esculentum Mill. were chosen 
as experimental material - 'Red Rock' and 'Patio'. 'Red 
Rock' is a large-fruited, standard, determinate cv. with normal 
height and strong root and shoot growth. 'Patio' is a medium-
fruited, determinate cv. with a compact dwarf habit and root 
and shoot growth considerably reduced from that of 'Red 
Rock'. Seeds of both cvs. were sown in vermiculite. Fourteen 
days after germination the seedlings were planted individually 
in one-litre pots filled with a mixture of peat and vermiculite 
(1:1). The plants were grown at Beltsville, Maryland in a 
greenhouse in which the air temperature was maintained at 
24°C between 06hOO and 18hOO and at 18°C for the remainder 
of each day. 
After allowing 1 week for re-establishment of plants, 
reciprocal or the same cv. grafts were performed. The scion 
was a complete shoot cut 2 - 3 cm below the cotyledonary 
node and was grafted to a rootstock which was de-topped 
at the same zone. The grafted plants were protected by plastic 
bags for 6 days and then maintained in a shaded part of the 
greenhouse for a further 8 days. Afterwards, the plants were 
exposed to full sunlight in the greenhouse. 
Once the plants were 50 days old (from sowing) they were 
carefully transferred to lO-litre pots containing peat and 
vermiculite (1 : 1) and irrigated daily with half-strength Hoag-
land's nutrient solution until saturation. Every 6 days the 
plants were watered with an excess of distilled water to prevent 
salt accumulation. 
After 80 days from sowing the plants were harvested. The 
shoots and roots were separated and the soil carefully removed 
from the roots, whereafter the plant material was freeze-dried 
for cytokinin analysis. Both fresh and dry weights of the 
samples were recorded. 
The freeze-dried roots and shoots were ground to a homo-
geneous powder and equivalent amounts of dry material 
extracted with 80070 ethanol for 24 h at 5°C. The cytokinins 
were subsequently extracted using a Dowex 50 cation exchange 
resin as previously described (Van Staden 1976). The Dowex 
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50 extracts and the aqueous extracts were concentrated and 
streaked onto Whatman no. 1 chromatography paper. The 
constituents were separated using iso-propanol:~OH:water 
(10:1:1 v/v), the chromatograms dried thoroughly, and 
divided into 10 equal Rf zones and each zone then assayed 
for cytokinin-like activity (Miller 1965). Each extraction and 
bioassay was done in triplicate and the results expressed as 
histograms. 
Results and Discussion 
From the results in Table 1 it is evident that even after 
grafting, root and shoot growth of 'Red Rock' tomato, as 
represented by dry matter accumulation, was greater than that 
of 'Patio'. This indicates that grafting per se did not affect 
the normal growth pattern of the two cvs. It is clear, however, 
that the growth of the root was significantly affected by the 
shoot. Thus, the restriction of root growth of 'Patio' plants 
appears not to be exclusively determined by genotype and 
could be overcome by grafting such roots to 'Red Rock' 
shoots. Such grafts in fact resulted in root and shoot growth 
comparable to that of 'Red Rock' controls. Grafting 'Patio' 
scion onto 'Red Rock' stock reduced the growth of 'Red 
Rock' roots . 
The restricted shoot growth found in 'Patio' is apparently 
not related to root factors since it could not be overcome by 
grafting 'Patio' scion to 'Red Rock' root stock (Table 1) which 
normally supports a much more vigorous shoot. 
From the results presented in Figure 1 it would appear that 
cytokinin production by the roots of the two cvs. investigated 
is genetically determined. Irrespective of the origin of the 
scion, plants with a 'Red Rock' root stock (RR or PR) had 
greater cytokinin-like activity than those with a root stock 
from the cv. 'Patio' (PP or RP). Most of the detected 
cytokinin-like activity co-chromatographed with zeatin (Z) and 
ribosylzeatin (ZR). 
Despite lower cytokinin levels present in a graft of 'Patio' 
root stock x 'Red Rock' scion, dry matter production of 
both the root and the shoot was comparable to that where 
a 'Red Rock' root stock was grafted onto a 'Red Rock' scion. 
Whether the available cytokinins were better utilized by the 
plants is not known. What is clear, however, is that the shoot 
genotype had a significant effect on root growth, e.g., a 
'Patio' scion reduced the growth of 'Red Rock' roots while 
a 'Red Rock' scion increased the growth of 'Patio' roots. The 
present study did not indicate that these growth effects were 
mediated via changes in cytokinin levels. If anything, cytokinin 
levels in the faster growing 'Red Rock' scion grafted to a 
'Patio' root stock were lower than that detected in a 'Patio' 
scion grafted to a root stock of similar genotype. The present 
Table 1 The influence of stock and scion on dry 
matter accumulation in the root and shoot of a normal 
('Red Rock') and dwarf ('Patio') genotype of tomato 
following reciprocal grafts. Data taken 80 days after 
sowing. Means ± SE 
Genotype Dry matter (g plant - 1) 
Code Stock Scion Root Shoot 
RR 'Red Rock' 'Red Rock' 4,3 ± 0,7 24,9 ± 1,9 
RP 'Red Rock ' 'Patio' 2,4 ± 0,6 20,5 ± 2,5 
PP 'Patio' 'Patio' 1,6 ± 0,2 19,6 ± 1,3 
PR 'Patio' 'Red Rock' 4,4 ± 1,1 24,6 ± 1,4 
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Figure 1 Cytokinin-like activity detected in the roots and shoots of 
similar or reciprocal grafts of a normal ('Red Rock') and dwarf (,Patio') 
cv. of tomato. Dowex 50 extracts were separated on paper and the 
cytokinin-like activity in each of 10 Rf values determined by means 
of the soybean callus bioassay. Codes represent stock to scion genotypes: 
R = 'Red Rock'; P = 'Patio'. Cytokinin fractions: Z = zeatin; ZR 
= ribosylzeatin. 
results do not support the concept that higher cytokinin 
production within roots will improve shoot development, or 
that a higher cytokinin demand within the shoot will stimulate 
increased production in the roots. In the present study, no 
information is available on the degree of cytokinin transport 
or the efficiency of utilization. This latter aspect must be of 
paramount importance and will undoubtedly be a major 
limiting factor in plant growth. It has previously been high-
lighted that the detection of high levels of cytokinin-like 
activity in plant material represents the free pool which is 
present at the time of extraction (Van Staden & Davey 1979). 
These compounds may be present in higher levels in the roots 
and shoots of 'Red Rock' plants because they are not utilized 
as efficiently or are produced at a faster rate by the roots than 
required by the shoots. 
Studies with benzyladenine and different Vilis genotypes 
have shown that the rate of shoot proliferation in grape shoot 
tip cultures is governed to a large extent by the interaction 
of cytokinins and genotype (Reisch 1986). Studies with tomato 
genotypes indicated a wide genetic variability in shoot dif-
ferentiation ability in culture (Zelcer, Soferman & Izhar 1984). 
This could be related to differential metabolism and/or 
utilization of applied plant hormones. 
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